Free vibration of laminated conical shell frusta of variable thickness is studied using spline approximation. This problem includes first order shear deformation and considers shells as antisymmetric angle-ply orientation. The governing differential equations of the shells are resolved in terms of displacement functions and rotational functions. These functions are approximated using splines and the method of collocation is adopted for simultaneous algebraic equations. These equations become generalized eigenvalue problems and are solved numerically to avail eigenfrequencies and the corresponding eigenvectors. The variation of frequencies is analysed with respect to the cone angle, aspect ratio, material properties, number of layers, and thickness variation.
INTRODUCTION
To build a stable and sturdy construction in engineering industries, it is necessary to study the vibration analysis of the structures. This means that the structures should be designed with consideration to factors such as frequency parameter, materials, and orientation in order to construct highly reinforced structures. Thin shells play an important role as structural elements in industries because of their great range of desirable properties such as high degrees of reserved strength and structural integrity. Large-span roofs, water tanks, aircraft, and submarine are all examples of shell structures that can be found in engineering industries. Shell structures made up of composite materials have been used significantly as they possess high specific stiffness, better damping, and shock absorbing characteristics.
The study of conical shells enables engineers to meet the demand of industries. A number of analytical and numerical studies were conducted on the static and free vibration analysis of conical shells. Free vibration of laminated conical shells was studied by Wu and Wu using asymptotic differential quadrature (DQ) solutions.
1 Tong developed a solution using power series method to solve free vibration of orthotropic conical shells using the Donnell-type classical shell theory with and without shear deformation effects.
2-4 Shu conducted a free vibration analysis on composite laminated conical shells using generalized quadrature method (GDQ) where the method approximate a spatial derivative of a function with respect to a coordinate at a discrete point as a weighted linear sum of all the functional values in the whole domain.
5 GDQ was also used by Ng et al. to investigate the orthotropic influence of composite materials on frequency characteristics for a rotating thin truncated circular symmetrical cross-ply laminated composite conical shell with different boundary conditions. 6 Civalek presented discrete singular convolution method (DSC) for the vibration analysis of conical shells.
7 Civalek continued this research, determining the frequencies of the free vibration of laminated conical shell including shear deformation theory.
8 Liew et al. and Liew and Zhou used element-free kpRitz method to study the free vibration of conical shells and functionally graded conical shells respectively.
9, 10
Studies on vibration of conical shells were conducted by Viswanathan et al. for free vibration of cross-ply and angle-ply laminated truncated shells using spline method.
11-13 A study on free vibration analysis of multiple delaminated angle-ply composite conical shells using finite element method (FEM) was performed by Dey and Karmakar using QR iteration algorithm.
14 In order to study the free vibration of simply supported circular cylindrical shells, a semi-analytical procedure was introduced by Farshidianfar and Olizadech for simplysupported boundary condition.
15 A modified Fourier series was used by Jin et al. to analyse the vibration of truncated conical shells with general boundary conditions and the effect of elastic restraint parameters, semi-vertex angle and the ratio of length to radius.
16
Malekzadech and Daraie presented a study on the dynamic behaviour of functionally graded (FG) truncated conical shells subjected to asymmetric internal ring-shaped moving loads.
